Purpose: Iron plays an important role in the process of oxidizing Low Density Lipoprotein (LDL) in the arterial wall during the development of atherosclerosis, but the role of iron during the development of intimal hyperplasia has not been confirmed. Therefore, we evaluated the relationship of serum ferritin, serum cholesterol and intimal hyperplasia. Methods: Forty rats were divided into four groups according to diet. Group I was the normocholesterol and normoferritin group, group II was the hypercholesterol and normoferritin group, group III was the hypercholesterol and hypoferritin group, and group IV was the hypercholesterol and hyperferritin group. At the sixth week, we induced clamping injury at the left common carotid artery of each rat. At the end of the eighth week, we obtained tissue of the left common carotid artery from each rat, and we performed staining. After that, we evaluated differences of the intima to media ratio (IMR) of arterial walls according to groups. Results: The IMR of group II was higher than that of group I (P＜0.001). Among hypercholesterol groups (group II∼IV), the IMR of group III was lower than that of group II (P＜0.001), and the IMR of group IV was higher than that of group II (P=0.007).
INTRODUCTION
Atherosclerosis is a multifactorial disease. Oxidation, and particularly modification of low density lipoproteins (LDL) within the artery wall and their subsequent unregulated uptake by macrophages has been postulated to be important in disease development, and metal ions such as iron and copper have an important role in this process. (1) Several reports that have focused on the relationship of iron and atherosclerotic disease have currently been reported. Sullivan showed that premenopausal women had a lower risk than aged-matched men in developing coronary artery disease, and menopausal women had a higher risk of developing coronary artery disease than age-matched men: this suggests the iron-heart hypothesis in the development of atherosclerotic diseases. 
METHODS 1) Experimental animals and diets
This experiment was conducted on forty rats (SpragueDawley rats) that were eight weeks old. We divided the forty rats into four groups of 10 rats each. The rats in group I were given a control diet and control water for eight weeks, and the rats in group II were given a hypercholesterol diet and control water for eight weeks. (6) The rats in group III were given a hypercholesterol diet and water mixed with an iron-chelating agent (Exjade) 30 mg/ kg/day (Novartis, Basel, Swiss) for eight weeks. The rats in group IV were given a hypercholesterol diet with control water for eight weeks, and they were injected intraperitoneally with an iron-containing agent (Venoferrum) 50 mg/rat/week (Choongwae Pharma Corporation, Seoul, Korea) for six weeks during the study. 
2) Methods
This experiment was run for eight weeks. At the sixth week, all the rats underwent a "clamping injury" by one-click clamping on the left common carotid arteries by using a Mosquito clamp (the same type of clamp was used on all rats) for thirty seconds under inhalation anesthesia (2% Isoflurane). After releasing the clamp, we observed the blood flow in the left common catrotid arteries by Doppler ultrasonography. At end of the eighth week, we obtained the left carotid artery tissue and blood (3 ml) from each rat with the rats under inhalation anesthesia (2% Isoflurane). After that, we euthanized the rats with carbon dioxide (CO2) according to the guidelines of our institute.
We measured the body weights of all the rats at the first day and at the end of the eighth week. We then evaluated The 20 fields per section were assessed. All morphometric measurements and gradings were performed in a blinded manner by two examiners.
5) Statistical analysis
The statistical analyses were done by t-test, ANOVA, and
Wilcoxon rank sum test using the SAS system V8 for Windows. A P-value＜0.05 was considered statistically significant. Data were presented as mean±standard deviation.
RESULTS
Five rats were excluded due to massive bleeding after the clamping injury in three rats in group IV at the sixth week, and the missing of arterial tissues in two rats in group IV.
So, ultimately, thirty-five rats were included in the final results. We performed H&E staining on immediately harvested carotid artery tissues following the clamping injury from expired rats due to massive bleeding after the clamping injury to ascertain proof of the clamping injury-induced early endothelial denudation ( Fig. 1 ). Over an eight-week period, the increased body weights were (Fig. 2) . So, the groups that ate a hypercholesterol diet (group II∼IV) were significantly different with respect to the concentration of iron. By microscopic findings, the arterial thickness and cellularity in group II were increased more than those in group I on the H&E staining (Fig. 3, 4) . Among the hypercholesterol groups (groups II∼IV), the arterial thickness and cellularity in group II were increased more than those in group III, and those in group IV were more increased than those in group II on the H&E staining (Fig.   3, 4) . The collagen materials of the matrix in group IV were more increased than those in other groups on the Masson-Trichrome staining (Fig. 5) . The migration and proliferation of smooth muscle cells in group I were somewhat expressed as was seen on the immunohistochemistry (Fig. 6) . The migration and proliferation of smooth muscle cells in group II were more expressed than those in group I as was seen on the immunohistochemistry (Fig. 6 ). Among the hypercholesterol groups (groups II∼ IV), the migration and proliferation of smooth muscle cells in group II were more expressed than those in group III, and those in group IV were more expressed than those in group II on the immunohistochemistry with α-SMA antibody (Fig. 6) . To the objective analysis, we measured the arterial wall thickness, the intimal thickness and the IMR of the left carotid arteries using a computer program (TDI Scope Eye, Techsan, Korea). The arterial wall thicknesses were significantly increased from group I (108.8±9.0μm) to group IV (137.6±3.9μm) (P＜0.05) (Fig. 7) . The intimal thicknesses in group II (72.9±6.4μm)
were significantly more increased than those in group I (58.0± 3.9μm) (P＜0.001) (Fig. 7) . Among the hypercholesterol groups (groups II∼IV), the intimal thicknesses (Fig. 7) . The IMRs in group II (1.57±0.22μm) were significantly more increased than those in group I (1.15±0.06μm) (P＜0.001) (Fig. 7) . Among the hypercholesterol groups (groups II∼IV), the IMRs in group III (1.18±0.03μm) increased less than those in group II (1.57±0.22μm) (P＜0.001), and the IMRs in group IV (2.06±0.11μm) were more increased than those in group II (1.57±0.22μm) (P=0.007) (Fig. 7) .
DISCUSSION
A putative role of iron as a contributor to the development of atherosclerosis has been discussed. (2) Sullivan (2) Further, the Kuopio study (12) and the Bruneck study (14) have described a synergistic interaction between the serum ferritin levels and LDL cholesterol as to their relationship with carotid atherosclerosis. But, the role of iron during the development of intimal hyperplasia has been not confirmed.
In the literature,(15) the relationship between the serum ferritin levels and carotid atherosclerosis might have been confounded by inflammation and mild liver disease, and especially among the subjects with metabolic syndrome and diabetes, which are conditions that are strongly correlated with atherosclerosis. Although we did not exclude the subjects with malignancies and manifest liver disease, the residual confounding by such factors cannot be ruled out.
This is one of our study's limitations. Northern blot analysis showed that the expression of Hand L-ferritin mRNAs were higher in human and rabbit atherosclerotic aortas than those in normal human and rabbit aortas. Yuan et al. (24) showed that the binding of macrophages to oxidized LDL was significantly enhanced following erythrophagocytosis, and LDL oxidation was inhibited by desferrioxamine, which is an iron chelator.
Despite these results, the relationship between serum ferritin levels, intimal hyperplasia, and atherosclerotic disease has not been completely confirmed. We think that this is because several reports have shown conflicting results (25) and the prospective studies and molecular studies in humans have been insufficient.
In conclusion, we suggest that the iron concentration (serum ferritin) and cholesterol levels are proportionally related with intimal hyperplasia after arterial injury. We think that this relationship should be confirmed by more prospective studies and molecular studies. Also, by confirming the obvious role of iron in the pathogenesis of intimal hyperplasia, we hope that we can prevent intimal hyperplasia by lowering iron and cholesterol levels after arterial anastomosis in the future.
